Haematological and serum biochemical measurements in male spontaneously epileptic rats (SER; double mutants homozygous for zitter and tremor genes) were compared with the values for related rat strains. Some haematological values were low in TRM rats and total leukocyte counts were high in ZI and TRM rats. TRM rats showed higher total cholesterol, phospholipid, high-density lipoprotein cholesterol and calcium values, and lower albumin value than Kyo: Wistar rats. Zitter homozygous rats including SER exhibited low total cholesterol, phospholipid and high-density lipoprotein cholesterol values. The SER showed an increase in urea nitrogen, aspartate aminotransferase and alanine aminotransferase values, and a decrease in glucose value, suggesting deterioration of the whole body with age.
Proven tremor heterozygous males were mated with zitter homozygous females to produce a double mutantj the spontaneously epileptic rats (SER; Serikawa & Yamada 1986) and zitter phenotype (NonS) were classified from these offspring. SER are double mutants homozygous for both zitter (zi) and tremor (tm) genes, and frequently exhibit spontaneous epilepsy-like seizures from 6 or 7 weeks of age (Serikawa et a1. 1991) . Functional and organic abnormalities in the central nervous system have been reported in the SER and the parent mutants-TRM and ZI rats (Asano et a1. 1990 , Kondo et a1. 1991 , Kuse et a1. 1991 .In this study, we measured the haematological and serum biochemical values of the SER and the related strains, NonS, TRM, ZI and Kyo: Wistar rats at 13 weeks of age, as 50% of male SER die at
Correspondence to: Yuzo Asano approximately 17 weeks of age (Serikawa et a1. 1990 ).
Materials and methods

Animals
SER (tm/tm, zi/zi), NonS (+/?, zi/zij litter mates of SER), TRM [tm/tm) and ZI (zi/zil rats used were obtained from breeding pairs of the SER, TRM and ZI strains at Kyoto University. The Kyo: Wistar rats (Wistar-KYi the original strain of TRM) were purchased from the breeder (SLC Co. Ltd, Shizuoka, Japan).
All animals were individually caged in an height, respectively, CLEA Japan, Inc.l. The rats were allowed to eat food pellets (CRF-l, Oriental Yeast, Tokyo, Japan) and tap water was provided ad libitum. Male rats (n = 8 except for TRM rats where n = n were used for each strain.
Blood collection
Blood of approximately 5 ml volume was drawn from the abdominal aorta with a plastic disposable syringe under ether anaesthesia, after an overnight fast. Blood samples, mixed with disodium ethylenediaminetetraacetic acid as were used for haematological measurements. Serum samples were separated by centrifugation, and then were stored at -80 a C until analysis for serum biochemical measurements.
Haematology
The erythrocyte (RBC), haemoglobin (Hb), haematocrit (Hct), mean corpuscular haemoglobin (MCHI, mean corpuscular haemoglobin concentration (MCHC), mean corpuscular volume (MeV), total leucocyte (WBC) and platelet (PLT) were performed with Sysmex E-2500 haematology analyser
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(Toa Medical Electronics Co. Ltd, Kobe, Japan).
Serum biochemistry
The analytical methods and measurement units are summarized in Table 1 .
Statistical analysis
The values obtained were analysed by parametric one-way of variance (P < 0.05) and the multiple comparison of the Tukey-Kramer test (P < 0.05).
Results
Clinical conditions
The phenotypes of the SER, NonS, ZI and TRM rats differed with advancing age. In the SER, a staggering gait appeared, and seizures with tonic convulsions and wild jumping or running episodes occurred frequently from 6 or 7 weeks of age. In the ZI and NonS rats, the tremors were prominent in the hind body and tail while tremors occurred in the whole body of the TRM rats. 
Body weight
The body weights (g, mean ± SOl at 13 weeks of age were as follows: SER, 219 ±37; NonS rats, 328 ±28; ZI rats, 291 ± 12; TRM rats, 309 ± 17; and Kyo: Wistar rats, 361 ± 12. The value in the SER was significantly lower than in the other strains.
Haematology
Strain differences for haematological parameters are shown in Table 2 also for Chol, PL and HOL in Kyo: Wistar rats. Ratios for lipid values in zitter homozygous rats [SER, NonS and ZI rats) were 34-39% (to TRM rats) and 49-57% (to Kyo: Wistar rats) for Chol, and 41-42% (to TRM rats) and 53-55% (to Kyo: Wistar rats) for PL, and 36-42% (to TRM rats) and 47-54% [to Kyo:Wistar rats) for HDL. Triglyceride values were higher in ZI and TRM rats than in other strains. For sodium and creatinine, there were some significant differences among strains, but these were small.
Discussion
The body weight in the SER and the parent mutants are consistent with that reported by our previous results (Asano et al. 1990) .
The lower haematological values in TRM rats seem to be associated with lower ALB and higher lipid levels. Stress and physiological responses of automatic nervous system are known to increase neutrophil counts, and higher WBC counts were observed in ZI and TRM rats.
Since the genetic background in TRM rats is similar to that in Kyo: Wistar rats, strain differences between the two strains might show direct or indirect effects of the tremor mutant gene. In fact, TRM rats showed significantly higher Chol, PL, HOL and Ca values, and significantly lower ALB value than Kyo: Wistar rats. Mutant analbumi- naemic rats also develop spontaneously hypercholesterolaemia (Ando et al. 1980) , although the detailed mechanism for this is not clear: the relationship between the low ALB value and the high lipid values in TRM rats may be similar. Since SER, NonS and ZI rats are homozygous for zitter mutant genes, common changes in the three groups may be genetically linked. SER, NonS and ZI rats showed significantly lower Chol, PL and HDL values, and significantly higher Hct and PLT values than Kyo: Wistar and TRM rats. Ratios for lipid values differed for the zitter homozygous rats and the rat strains without zitter genes. The cholesterol concentration in both the cerebrum and cerebellum has been reported to decrease in the ZI rat, being about 65 % in the cerebrum and 62 % in the cerebellum of normal control rat levels (Kida et al. 1989) , where myelin contains 78 and 81 % lipid in dry weight respectively (O'Brien 1965) . As the degree of hypomyelination in SER and ZI rats is more severe than in TRM rats (Kondo et al. 1991) , changes in the lipid values were considered to reflect the hypomyelination in CNS.
The SER showed increased BUN, AST and ALT values with a decrease in GLU as compared with the other mutant rats. These findings were considered to be due to the frequent occurrence of tonic convulsions and wild jumping or running episodes, associated with lower body weight gain,
